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E Abnormality in & 3-Year-Old Child
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Osteosarcoma is a type of malignant bone tumor that is rare among children less than five years
old. This report describes a 3.year-old boy with osteosarcoma of the right proximal femur and
polyestotic  fibrous dysplasia of the right femur and tibia. After hemipelvectomy, histologic
examination of the amputated limb disclosed that the osteosarcoma had developed in a focus of
fibrous dysplasia. Cytogenetic analysis of the patient’s blood lymphocytes revealed a 4q—/7p+
translocation in all cells, The patient’s mother had an identical translocation but did not have a
history of osteosarcoma or evidence of fibrous dysplasia. The chromosomal abnormality and the
developmental osseous disorder may have predisposed this patient to developing osteosarcoma
at an exceptionally young age.
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tumor that occurs mainly in the second and third chromosomal abn(_)rmality and the fibrous dysplasia may

decades of life and rarely in children less than 5 years have Jed to the carly onsel of osteosarcoma.
old.*13 It occurs more frequently 1n patients with

certain disorders of bone, such as Paget’s disease and Case Report
fibrous dysplasia. Osteosarcoma also occurs in 1-2% The patient, a 3-year-old white boy. was referred to St.

of patients who have ljlrz}dr_lﬁj:)ﬁ_ ereditary form ¢ retino-  Jude Children’s Research Hospital (SJCRH) for evaluation

ey

}J’lii_s}Q—nTzf."“ n these patients, it occurs at sites both  and treatment of a bone tumor. He had been limping inter-
within and distant from the field of radiation but it also mittently for the previous 11 months and was taken to a
develops in those who have not had radiation or chemo- physician after a progressive worsening of symptoms. A
therapy. Furthermore, reports of several affected rela- radiograph of his hip showed aAbone lesion in the right prgximal
tives in a family suggest that a proportion of the cases of  femur. Open biopsy examination revealed a malignant
osteosarcoma are hereditary .’ and osteosarcoma is also bone umor, 0 the patient W"“,reterred to SICRH for L.
associated with brain tumors and soft-tissue sarcomas m"hcrew]uauon'.H? had not previously recew?d dl:‘lgms“c
in certain cancer families,"'* However, there have been or therapeutic radiation, and there was no family history of

. o~ retinoblastoma. bone tumoer, or any other form of cancer.
no reports of specific chromosomal abnormalities  The mother had had one spoptancous abortion of a 4-month-

associated with an increased incidence of osteosar-  old fetus after a fall.
coma. In this report, we described a 3-year-old child Omn admission 1o SICRH. he appeared to be a healthy
with polyostotic_fibrous dysplasia in whom osteosar- year-old in no acute distress: the only abnormal physical
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Goma developed. He also had a 4q—/7p+ chromosome finding was pain and limitation of movement of the might

" hip. Results of laboratory studies were within normal limits.
On skeletal survey. only the lesion in the right proximal
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FiG. 1. Radiograph of right femur showing an osteolytic bene
lesion in the right proximal femur with periosteal reaction,

An inherited genetic abnormalily was suspected because
the osteosarcoma had developed in such an exceptionally
voung patient. Banded karvotypes were prepared by means
of standard technigues™-'* using bloed lymphocytes obtained
from the patient prior to therapy and from all immediate
family members."? Analysis of the patient’s karyotype
identified a 4g—:7p+ translocation in all cells without any
apparent joss of genetic material (Figs. 5 and 6). The precise
description of the karvotype is: 46.XY . deliddpter — q27:),
w470 7p22::4g28 — 4¢35). Karvotype analysis of the bload
lymphocytes from immediate farmly members revealed that
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the mother (27 years old) had the same translocation. and
that the father (30 vears old) and the patient’s 2-ycar-old sister
had normal kuryotypes.

The patient was admitted to an adjuvant chemotherapy
protocal and received methotrexate (2500 mg/m?) with
leucovorin rescue on days 1-3, followed by adriamycin
(50 mgrm?) plus cyclophosphamide (600 mg/m?®) on day 15
These drugs were given in five-week cycles for a period of
30 weeks. Administration of adriamycin was discontinued
after a total dosage of 350 mg/m* was reached. The treat-
ment was tolerated well, and the child has remained free of
disease and is now off therapy.

Discussion

The role of genetics in the development of child-
hood cancers has become increasingly apparent. As
more patients survive malignant disease. it will be

Fro,. 2. i diphosphate bone scan showing increased uptihe
in the right proximal femur as well as in the lower femur and pros-
imal tibia.
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. important 1o identify those who are inherently at
. higher risk for the development of second cancers,
and whose offspring are at greater risk for the develop-
ment of the primary malignant disease. Knudson has
proposed a two-mutation model to account for the
occurrence of hereditary forms of childhood cancer.”
Six criteria have been supgested for distinguishing
individuals with hereditary forms of cancer 1) oc-
currence at an earlier age then expected: 2} associated
pathologic abnormalities of the target tissue: 3) specific
chromosomal abnormalities; 4} occurrence of multiple
primary tumors: 5) associated congenital abnormal-
ities: and 6) family history of the same or associated
tumors.**

Our patient met the first three criteria, including a
specific chromosomal abnormality, i.e., the 4q—/7p+
translocation, There have been only 2 reported cases
documenting an association between somatic chro-
mosomal abnormalities and an early onset of osteo-
sarcoma: both involved fairly well described cytogenetic
abnormalities not known 1o increase the risk of bone
. cancer. One patient had trisomy 21 {Down’s syndrome)
. and the osteosarcoma developed when he was nearly
. 5 years old.' The other had congenital adrenal hyper-
lasia and a 47.XYY karyotype, and osteosarcoma
eveloped when he was 9 years old.'* Although he
was younger than most patients with this tumor. his
bone age was actually 13 years-— well within the peak-
age range for the onset of osteosarcoma.

The fibrous dysplasia in our patient may have played
a role in the development of osteosarcoma. since this
disorder is associated with an unusually high incidence

surcoma Gssue, composed of large hyperchromatic cells that
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immediate surrounding argas which contained densely packed, maligna
The majority of this lesion and 4li other lesions in the femur and i consisted. as shown in this photomicrograph. of ose fibrous stroma i
and irregular trubeculae of immature bone. charnctenstic of tibrous dyvsplasiu tH & Eoo- T
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Fia. 3. The amputated right lower limb was 47 ¢m long. A smull
portion of the acetubulum was included in the resection, and
the proximal surgical margin was free of gross and microscapic
wmor. A sagittal section of the limb showed foci of whilish tissue in
the medullary cavity of the proximel tibia and several portions of
the temur, These areas corresponded to areus of increased uptahe on
the ™ T¢ diphosphate bone scun {s¢e Fig. 1. Letters refer to cor-
respanding histelogic descriptions in Fig. 4.

of malignant bone tumors.*? Such tumors almost
always oceur in a focus of fibrous dysplasia, suggesting
malignant transformation of the developmentally ab-
normal tissue.'® However, the average age at which
patients with fibrous dysplasia develop osteosarcoma
is the same as that for the general population, and
the youngest patient previously reported was B years
old. " That osteosarcoma develops in these patients
more frequently but not atan earlier age may be due to
an increase in the number of cells at risk for malignant
transformation. This would also explain the higher
frequency of osteosarcoma in patients with the polyos-
totic as compared to the monostotic form of the disease.

FiG. 44, Phetomicrograph of the portion of the proximal femur that had been biopsied. it was hemorrhugie und contained restduil osteo-

formed usteoid (H & Fo - 104 B Photomicrograph ot the

A tibrous stroma that also formed asleoid (arraw i TH & Foo= 140 C
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. The same factors which usually cause osteosarcoma

could be responsible for the development of this tumor
in patients with fibrous dysplasia. However. when the
onset of osteosarcoma is very early. additional con-
tributing factors should be suspected.

It is less likely that the chromosome translocation
is responsible for the fibrous dysplasia. since this
disease is rarely hereditary. However. it i1s probable

4 A4q”

Fio. 6. Diagram representing the chromoseme 4 and 7 pairs and the breakpoints of the chromosomes invoelved in the translocation

that the 4q—/7p+ translocation in our palient pre-
disposed him to the development of osteosarcoma
al an exceptionally early age. Although a mutation
of either chromosome could have led to malignant
transformation of the target tissue, the long arm of
chromosome 4 is more strongly implicated. In contrast
to chromosome 7 which was essentially intact. the
distal portion of the long arm of chromosome 4 was

7pt 7

No. 5

translog
activity
who ha
explain
case, th
be the fi
for mal
osteosa
second
for deve
speculal
ing subs
tion ma
therape
a famih
inherit

creased

1. Glas
children.
2. Har
fibrous d-
3. Hny
arising in
4. Kite
for retine




0.5 QOSTEOSARCOMA IN A 3-YEAR-OLD

translocated and may not have normal transcriptional
activity. The absence of osteosarcoma in the mother.
who had the same chromosomal abnormality, may be
explained by means of a two-mutation model. In this
case, the alteration of either chromosome 4 or 7 could
be the first of two (or more) genetic mutalions necessary
for maligant transformation, and the development of
osteosarcoma would depend on the likelihood of the
second mutation. Moreover, she may still be at risk
for developing osteosarcoma. While this point remains
speculative, this child is probably at high risk for develop-
ing subsequent malignant diseases, and this predisposi-
tion may be influenced by the treatment with chemo-
therapeutic agents. Furthermore, if he survives to have
a family in later years. a fourth of his offspring should
inherit the same translocation and therefore be at in-
creased risk of developing cancer.
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